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Supported bimetallic gold-palladium (Au-Pd) catalysts synthesized with plant 
biomass has been an elevated and consistent research area because of their pure green 
nature, cost effectiveness, and less energy consuming process of synthesis which is a 
superior advantage over chemically and physically synthesized catalysts. Different 
from their monometallic counterparts in electronic, optical and magnetic structures, 
they exhibit high efficiency in their potential applications. 
Catalysts synthesis involved bioreduction by adsorption-reduction (AR) and sol 
immobilization (SI) processes of both tetrachloroauric acid (HAuCl4) and palladium 
chloride (PdCl2) using Cacumen Platycladi (CP) extract, and were characterized by 
UV-vis diffuse reflectance (DRUV-vis) spectrometer, transmission electron 
microscopy (TEM), X-ray diffraction (XRD) and thermogravimetric (TG) analyzer. 
Preparation parameters including method of synthesis and synergistic effect (Au/AR, 
Au/SI, Pd/AR, Pd/SI, Au-Pd/AR, Au-Pd/SI), type of support (MgO, CaO, ZrO2, SiO2, 
CNT, AC), metal loading (0.25/0.5/1.0/1.5/2.0/3.0 wt%), gold to palladium ratio (1:0 / 
3:1 / 1:1 / 1:3 / 0:1), reduction sequence of gold and palladium ions (Au+Pd/AR, 
Pd@Au/AR, Au@Pd/AR, Au+Pd/SI, Pd@Au/SI, Au@Pd/SI), amount of plant 
biomass (0/10/20/30/40/50 ml), type of plant biomass (Cacumen Platycladi, 
Cinnamonium Camphora, Syzygium Samarangense, Aleurites Moluccana ) and 
calcinations (0/250/350/450/600 
o
C) were investigated. 
Researchers are recently focused on a dual, eco-friendly, inexpensive, mild 
process where supported Au-Pd catalysts are being employed in the liquid phase 
oxidation of benzyl alcohol (BzOH) under solvent free conditions with molecular 
oxygen which is better off than using stoichiometric oxygen donors such as potassium 
dichromate and peroxides, and gas phase or solvent oxidation of benzyl alcohol to 
produce benzaldehyde (BzH) used in agrochemical, pharmaceutical and fine chemical 
















atm, under the themes reaction time (0.5/1/1.5/2/3/4/6/8 h), reaction temperature 
(30/50/70/90 
o
C), oxygen flow rate (0/30/50/70/90 ml/min), catalyst amount 
(0/0.1/0.3/0.5/0.7 g), catalyst reusability (1/2/3/4 times), and also classification of 
reaction routes, using the gas chromatography (GC) apparatus for their analysis. 
In this study, MgO supported bimetallic Au-Pd catalyst with Au to Pd ratio 1: 3, 
2 wt.% synthesized by Pd@Au/AR (supposedly formed a Au rich core and Pd rich 
shell structure), showed the best yields of BzH in the oxidation of BzOH. Other 
optimal catalyst preparation conditions were obtained by using 40 ml of water and 10 
ml of CP, calcinations of catalyst at 350 
o
C for 2 h and also by using Aleurites 
Moluccana (AM) extract. Despite the higher catalytic performance of catalysts 
synthesized using AM, CP was used throughout this study for catalyst synthesis 
because catalysts synthesized using it showed higher selectivity which is a more 
important aspect to consider in order to inhibit more by-product formation. Secondly 
most published papers from our laboratory, on biosynthesis of nanocatalyst; CP was 
used for their synthesis. For the reaction conditions, 8 h of reaction with benzyl 
benzoate observed as the only by-product by the GC analysis , temperature of 90 
o
C, 
oxygen flow rate of 90 ml/min, 0.7 g of catalyst, all gave maximum conversion of 
BzOH (54.6, 42.5, 39.1, 22.8 %) and selectivity of BzH (99.5, 100, 98.7, 97.7 %) 
respectively with possible reusability after 3 runs. 
 































































为 MgO；金前驱体比钯前驱体先加入；金属总负载量为 2 wt%；金钯摩尔比例
为 3:1；催化剂焙烧为 350 oC（2 h）；植物生物质种类为侧柏叶提取液；植物提
取液用量 10 ml（去离子水 40 ml）。优化的催化反应条件为：反应时间为 8 h；




















Chapter 1 Introduction 
Chemical and physical syntheses of nanoparticles (NPs) are process that use 
toxic solvents and have been noted to produce hazardous by-products, expensive, and 
have high energy consumption
[1]
. Therefore, there is the need to exploit the biological 
resources in nature which is a promising approach to develop environmentally benign 
processes of NPs syntheses, since the biological process of synthesis of NPs uses 
water (green solvent), does not produce harmful by-products and has lower energy 
consumption. Biological synthesis of NPs can either be done by microbial
[2]
 or using 
plant biomass. Both of them are typical green processes
[3]
 but they differ in that the 
microbial process is totally internal and needs maintenance of cell culture for a longer 
period
[4]
. Also, the NPs are produced in a small scale. Plant biomass synthesis of NPs 
on the other hand has now become an area of interest not only owing to its 
eco-friendliness, external nature and large scale production but also due to its rapidity 
in producing the NPs
[5]
. Although it is evident enough that the synthesis of supported 
NPs by plant biomass is a cost effective, low energy consuming and environmental 
benign process, and the NPs produced are very suitable for the catalysis and many 
other applications, there is still need for more research on NPs synthesis and 
applications
[6]
. Further investigations on NPs may lead us to more cost effective, 
much lower energy consuming and faster eco-friendly processes of synthesizing NPs 
and also improving the efficiency of the NPs in their applications
[7]
.  
1.1 The state of art of nanoparticles 





, structural and magnetic
[11, 12]
 properties from their constituent metals
[9, 
13]
. The differences are not only subjected to particle sizes and shapes as in 





. The effect of synergy
[16]
 between alloyed metal NPs should be 

















the origin of the active sites associated with supported NPs is still under debate 
because of their complex nature, and still remains challenging for the homogeneous 




1.2 Catalysis and nanocatalysis 
Generally catalysis or catalyst technology has played a very crucial role in the 
economic development of the world during the 20
th
 century and in present-day can be 
classified into three areas of importance, namely, petroleum refining, chemicals 
manufacturing, and environmental clean-up
[3]
. Statically, the two largest global 
industries, the chemical and petroleum industries have worldwide sales of 1.5 and 2 
trillion U.S. dollars per year, respectively whereby catalyst technology is their 
backbone. In the United States alone these two industries provide more than 1.5 
million employments. The fact is, of the 63 major new products and 34 process 
innovations in the chemical industry from 1930 to 1980, 60 % of these products and 
90 % of these processes were based on catalyst technology. Likewise, catalysis is 
important to the petroleum industry, indeed, except for distillation, more than 90 % of 
refining processes are catalytic. Catalyst technology can be advantageous because 
catalyst cost is only 0.1% of the product value of petroleum refining and 0.22 % of 
that from petrochemical process, and secondly catalysts have been designed with 
remarkable resistance. Global economic perspective points out that $10 billion 
invested worldwide in catalyst technology leads to about $10 trillion of gross world 
product. Catalysis market has experienced a healthy growth rate of about 5 % and 
estimates of world catalyst sales vary over a significant range (Fundamentals of 
industrial processes).  
It has been acknowledged due to the uniqueness in large-surface to volume ratio 
and quantum effects of supported metal NPs, they have attracted wide industrial 
applications and a great interest in scientific research
[19]
. Metal supported NPs
[20]
 have 
been considered promising materials for catalysis since industrial catalysis works on 

















Nanocatalysis has provided benefits to the chemical industry by increasing the 
efficiency of catalysts by controlling pore size and particle characteristics, 
replacement of precious metal catalysts by catalysts tailored at the nanoscale and use 
of base metals, thus improving chemical reactivity and reducing process costs, 
catalytic membranes by designing those that can remove unwanted molecules from 
gases or liquids by controlling the pore size and membrane characteristics. 
 
1.3 Gold/Palladium catalysts. 
Gold (Au) which was long perceived as to be non reactive has shown unexpected 
reactivity and there is a tremendous growth in the number of gold-catalyzed highly 
selective chemical transformations
[22]
. Firstly, it was Haruta et al who observed the 
oxidation of carbon monoxide to carbon dioxide at low temperatures in the presence 
of gold supported nanoparticles
[23]-[24]
, and then Graham Hutchings observed the 
hydrochlorination of acetylene in the manufacture of vinyl chloride by gold 
catalyst
[25]-[26]-[27]
. Palladium (Pd) is also responsible for the initiation of many 
chemical and biochemical processes such as the Heck’s coupling involving olefin. 
Nano palladium(0) supported on cellulose was found to be highly efficient recyclable 
heterogeneous catalyst for the Suzuki coupling between aryl bromides and phenyl 
boronic acid in water and aerobic oxidation of benzyl alcohols using air as the source 
of molecular oxygen in acetonitrile
[28]
. Blackburn and Schwartz demonstrated the first 
application of palladium nanoparticles (PdNPs) by catalyzing aerobic oxidation of 
alcohols
[29]
. Au and PdNPs are active as heterogeneous catalysts in both liquid and 
gaseous phases and, complexes catalyze reactions homogeneously in solution. In 
comparison to other transition-metal catalysts, most Au-catalyzed reactions are 
atom-economic, remarkably mild with regard to reaction conditions, and most 
importantly, have a different reaction scope. C–O, C–N and C–C bonds are the most 
widespread types of bonds in nature, and are the cornerstone of most organic 
compounds, ranging from pharmaceuticals and agrochemicals to advanced materials 
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